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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: ) Examiner: Unknown 

T. NURMINEN, et al . ) 

) Art Unit: 
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For: FILTERING UNIT AND ) 
METHOD OF SEALING SAME ) 

Attorney Docket No. : ) Cleveland, OH 44114 
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PROPOSED AMENDMENT TO THE DRAWINGS 

Assistant Commissioner 

For Patents 
Washington, D.C. 20231 

Dear Sir: 



W 
09 



The applicants propose to add the captions 
"PRIOR ART" to FIGURES 1 and 2. The applicants take the 
liberty of enclosing new Formal Drawings with this 
correction made. An early indication of the acceptability 
of the Formal Drawings is earnestly solicited. 



Respectfully submitted, 



FAY, SHARPE , FAG AN, 
MINNICH & McKEE, LLP 




Thomas E. ftocovsky, 
Reg. No. 2^,383 
1100 Superior Avenil 
Seventh Floor 
Cleveland, OH 44114-2518 
(216) 861-5582 



I hereby certify that this paper or fee is bei 
with the United States Postal Service "Express 
Post Office to Addressee" service under 37 C.F 
date indicated above and is addressed to: 
Assistant Commissioner for Patents Washington, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: ) Examiner: Unknown 

T. NURMINEN, et al . 

Serial No. : Unknown 

Filed: Herewith 

For: FILTERING UNIT AND 

METHOD OF SEALING SAME 



Attorney Docket No. 
MED 2 1115 



Cleveland, OH 44114 
January 8, 20 02 



PRELIMINARY AMENDMENT A 



Assistant Commissioner 

For Patents 
Washington, D.C. 20231 

Dear Sir: 



In the Abstract : 

Please cancel the abstract and replace it with 
the abstract on the attached sheet. 



In the Specification: 

Please cancel the paragraph at the bottom of 
page 2, line 24 to page 3, line 2, and replace it with the 
following paragraph: 



--FIGURE 1 shows a filter plate 1 according to 
the prior art, having a central bore 2. FIGURE 2 shows a 
section of part of a stack formed from plates 1. Four 
plates are shown in the Figure, but the stack may comprise 
additional plates depending on required filter surface 
area; the stack is confined in a housing not shown in the 
Figure. In the housing, a flow of pressurized mixture for 
filtration is maintained. The plates comprise a porous 
ceramic support body 3, formed from e.g., aluminum oxide 
and having a relatively large pore size, e.g., > Ifim, and 
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I hereby certify that this paper or fee is being deposited 
with the United States Postal Service "Express Mail 
Post Office to Addressee" service under 37 C.P.R. 1.10 on the 
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Assistant Commissioner for Patents Washington, D.C. 20231. 

By: Hilar^ M. McNULTY 
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on the surface of the support body has been formed a 
ceramic filter membrane 4. The membrane has been formed 
from e.g., titanium or zirconium oxide. The central bores 
2 of the plates form a permeate channel 6; in the 
embodiment shown, a perforated tube 5 is provided therein. 
The joints between the mating faces of the plates are 
sealed by means of O- rings 7.-- 



On page 3, line 19, please cancel the title and 
substitute the new title: 



- - Summary of the Invention - - . 

0 On page 4, line 29, before the heading "Brief 
yj description of the drawings", please insert the paragraph: 

1 

yl --Still further advantages of the present 

CO invention will become apparent to those of ordinary skill 

L. in the art upon reading and understanding the following 

1 detailed description of the preferred embodiments .- - 

in ' 

q On page 4, line 30, after the title "Brief 

f|J description of the drawings", please insert the paragraph: 

--The invention may take form in various 
components and arrangements of components, and in various 
steps and arrangements of steps. The drawings are only 
for purposes of illustrating a preferred embodiment and 
are not to be construed as limiting the invention. -- 

On page 5, line 12, please delete the heading 
"Detailed description" and insert the new heading: 



--Detailed Desc ription of the Preferred Embodiments -- 



At the end of page 7, line 4, please insert the 

paragraph : 

--The invention has been described with 
reference to the preferred embodiment. Obviously, 
modifications and alterations will occur to others upon 
reading and understanding the preceding detailed 
description. It is intended that the invention be 
construed as including all such modifications and 
alterations insofar as they come within the scope of the 
appended claims or the equivalents thereof. -- 

On page 8, after the heading "Claims", please 

insert : 

--Having thus described the preferred 
embodiment, the invention is now claimed to be:-- 

In the Claims: 

Please amend claims 1-7 as follows: 

1. (Amended) A crossflow ceramic membrane 
filtering unit comprising: 

a housing; 

one or more filtering elements partly coated 
with a filtering membrane; 

joints between the filtering elements and 
between the filtering elements and the housing being 
sealed by means of a gasket or a gasket system which 
defines an internal intermediate space. 

2. (Amended) The ceramic membrane filtering 
unit according to claim 1, wherein the intermediate space 
is connected to the outside of the filtering unit. 

3 . (Amended) The ceramic membrane filtering 
unit according to claim 1 further including: 



a sensor for indicating fluid leaking into the 
intermediate space. 



4. (Amended) The ceramic membrane filtering 
unit according to claim 1 wherein the filtering elements 
include one or more plate-shaped filtering elements having 
apertures, said elements being jointed together and to the 
housing, said apertures thereby forming a tight, unitary 
conduit for permeate removal and the outer surface of the 
elements being essentially free to receive material to be 
filtered, the plate-shaped elements being fitted to each 
other and to the housing by means of at least two gaskets, 
and central zones of the elements being impermeable so as 
to form spaces delimited by the gaskets and the 
impermeable surfaces, and said spaces being interconnected 
by apertures in the elements, said apertures having 
impermeable surfaces . 

5. (Amended) The ceramic membrane filtering 
unit according to claim 1 wherein the filtering elements 
include at least one tubular filtering element having at 
least one channel internally coated with a filtering 
membrane . 

6 . (Amended) A method for sealing a ceramic 
crossflow membrane filtering unit comprising one or more 
filtering elements within a housing, said elements being 
partly coated with a filtering membrane, the method 
comprising: 

sealing joints between the elements and between 
the elements and the housing by a gasket or a gasket 
system comprising an internal space connected to the 
outside . 

7 . (Amended) The method according to claim 6 
further including: 

filtering water. 



Please add new claims 8-17 as follows: 

8 . (New) The method according to claim 7 
further including ultraf iltering water. 

9 . (New) A crossf low membrane filtering unit 
comprising: 

at least one filter element having a feed 
surface over which a feed liquid flows and a discharge 
surface from which a permeate flow is discharged; 

a seal assembly disposed between the filter 
element and one of another filter element and a housing, 
the seal assembly including: 

an inner seal in fluid communication 
with the feed liquid flow, 

an outer seal in fluid communication 
with the permeate flow, and 

a channel between the inner and outer 
seals, the channel in communication with a 
leakage discharge channel such that liquid 
discharge through the discharge channel is 
indicative of leakage through at least one of 
the inner and outer seals . 

10. (New) The crossf low membrane filtering 
unit according to claim 9 wherein the at least one filter 
element includes : 

a plurality of filter plates, each plate having 
an aperture defined by the discharge surface, an 
impermeable surface surrounding the aperture, and the feed 
surface surrounding the impermeable surface, the plates 
being stacked with the apertures in alignment and the seal 
assembly between the impermeable surfaces of adjacent 
plates . 
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11. (New) The crossflow membrane filtering 
unit according to claim 10 wherein the inner and outer 
seals each include an annular gasket, the inner and outer 
gaskets being spaced to define the channel. 

12. (New) The crossflow membrane filtering 
unit according to claim 9 wherein the filter element 
includes : 

an interior bore extending between end surfaces, 
5 the interior bore being surrounded by the inflow surface ,- 
the end surfaces being impermeable, the seal 
assembly being disposed between at least one end surface 
jj, and a housing in which the filtering element is received. 

13 . (New) The crossflow membrane filtering 
unit according to claim 9 wherein the filter element 
includes : 

an interior bore defined by the inflow surface; 
a peripheral surface having an impermeable ring 
at least at one end and the permeate surface defined 
theread j acent ; 

the seal assembly between being disposed between 
the impermeable ring and a housing in which the filter 
element is received. 

14 . (New) The crossflow membrane filtering 
unit according to claim 9 further including: 

a sensor disposed in communication with the 
channel for sensing a presence of liquid in the channel. 

15. (New) A method of ceramic membrane 
filtering comprising: 

flowing a feed liquid over a feed surface of a 
filter element and discharging a permeate liquid from a 
5 discharge surface of the filter element, the feed liquid 
and the permeate liquid being separated from each other by 
a seal assembly disposed between the filter element and at 
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least one of another filter element and a housing in which 
the filter element is received, the seal assembly having 
10 a first seal in communication with the feed liquid and a 
second seal in communication with the permeate liquid and 
a channel therebetween ; 

monitoring the channel for the presence of 

liquid. 



16. (New) The method according to claim 15 
further including: 

in response to detecting liquid in the channel, 
determining whether the liquid is the feed liquid or the 
y, 5 permeate liquid. 

fy 17. (New) The method according to claim 15 

O wherein the feed liquid is heat sterilized water. 

W 

yy A copy of the pending claims, including a 

L marked-up copy of claims 1-7 showing the modifications is 

j attached as APPENDIX l. 

p REMARKS 

Rl This amendment is to eliminate multiple 

dependent claims and place the application in better form 
for examination and an early allowance. 

An early examination and allowance of all claims 
is earnestly solicited. 

Respectfully submitted, 

FAY, SHARPE, FAGAN, 
MINNICH & McKEE, 




Thomas E . 
Reg . No . 2 8 
1100 Superior Avenue 
Seventh Floor 
Cleveland, OH 44114-2518 
(216) 861-5582 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Examiner: Unknown 



In re application of 
T. NURMINEN, et al . 



Serial No. : Unknown 
Filed: Herewith 



For: FILTERING UNIT AND 

METHOD OF SEALING SAME 



Attorney Docket No. 
MED 2 1115 



Art Unit: 



Cleveland, OH 44114 
January 8, 2002 



APPENDIX 1 



In the Specification: 

Marked-up copies of paragraphs amended in specification: 

page 2, lines 24 - page 3, line 2: 

--FIGURE 1 shows a filter plate 1 according to 
the prior art, having a central bore 2. FIGURE 2 shows a 
section of part of a stack formed from plates 1. [Three] 
Four plates are shown in the Figure, but the stack may 
comprise additional plates depending on required filter 
surface area; the stack is confined in a housing not shown 
in the Figure. In the housing, a flow of pressurized 
mixture for filtration is maintained. The plates comprise 
a porous ceramic support body 3, formed from e.g., 
aluminum oxide and having a relatively large pore size, 
e.g., > ipm, and on the surface of the support body has 
been formed a ceramic filter membrane 4. The membrane has 
been formed from e.g., titanium or zirconium oxide. The 
central bores 2 of the plates form a permeate channel 6; 
in the embodiment shown, a perforated tube 5 is provided 
therein. The joints between the mating faces of the plates 
are sealed by means of O-rings 7.-- 
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On page 3, line 19, please cancel the title and 
substitute the new title: 

- - Summary of the Invention - - . 

On page 4, line 29, before the heading "Brief 
description of the drawings", please insert the paragraph: 

Still further advantages of the present 
invention will become apparent to those of ordinary skill 
in the art upon reading and understanding the following 
detailed descri ption of the preferred embodiments. 

On page 4, line 30, after the title "Brief 
description of the drawings", please insert the paragraph: 

The invention may take form in various 
components and arrangements of components, and in various 
steps and arrangements of steps . The drawings are only 
for purposes of illustrating a preferred embodiment and 
are not to be construed as limiting the invention. 

On page 5, line 12, please delete the heading 
"Detailed description" and insert the new heading: 

--Detailed D escription of the Preferred Embodiments - - 

At the end of page 7, line 4, please insert the 

paragraph : 

The invention has been described with reference 
to the preferred embodiment. Obviously, modifications and 
altera tions will occur to others upon reading and 
underst anding the preceding detailed description. It is 
intended that the invention be construed as including all 
such modificat ions and alterations insofar as thev come 
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within the scope o f the appended claims or the equivalents 
thereof . 

On page 8, after the heading "Claims" , please 

insert : 

Having thus described the preferred embodiment , 
the invention is now claimed to be: 

In the Claims: 

Copy of Pending claims - with markings showing amendments 
made 

Please amend claims 1-7 as follows: 

1 . (Amended) A crossflow [Crossf low] ceramic 
membrane filtering unit [having within] comprising: 

a housing j_ 

one or more filtering elements partly coated 
5 with a filtering membrane [ , characterized by the] j. 

joints between the filtering elements and 
between the filtering elements and the housing being 
sealed by means of a gasket or a gasket system 
[comprising] which defines an internal intermediate space. 

2. (Amended) The ceramic membrane [Membrane] 
filtering unit according to claim 1, [characterized by] 
wherein the intermediate space [being] is connected to the 
outside of the filtering unit. 

3 . (Amended) The ceramic membrane [Membrane] 
filtering unit according to claim 1 [or 2, characterized 
by having] further including: 
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a sensor for indicating fluid leaking into the 
intermediate space. 

4. (Amended) The ceramic [Ceramic] membrane 
filtering unit according to [any] claim l[-3, comprising] 
wherein the filt ering elements include* one or more plate- 
shaped filtering elements having apertures, said elements 
being jointed together and to the housing, said apertures 
thereby forming a tight, unitary conduit for permeate 
removal and the outer surface of the elements being 
essentially free to receive material to be filtered, 
[characterized by] the plate -shaped elements being fitted 
to each other and to the housing by means of at least two 
gaskets, and [the] central zones of the elements being 
impermeable so as to form spaces delimited by the gaskets 
and the impermeable surfaces, and said spaces being 
interconnected by apertures in the elements, said 
gg 15 apertures having impermeable surfaces. 

o 

=p 5 - (Amended) The ceramic [Ceramic] membrane 

filtering unit according to [any] claim l[-3, comprising] 

3 wherein the filtering elements include at least one 

Ty tubular filtering element having at least one channel 

5 internally coated with a filtering membrane. 

6 . (Amended) A method [Method] for sealing a 
ceramic crossflow membrane filtering unit comprising one 
or more filtering elements within a housing, said elements 
being partly coated with a filtering membrane, 
5 [characterized by] the method comprising: 

sealing [the] joints between the elements and 
between the elements and the housing by a gasket or a 
gasket system comprising an internal space connected to 
the outside. 
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7. (Amended) The [use of a filtering unit 
according to claim 1 or a] method according to claim 6 [in 
the] further including: 

[filtration, preferably ultrafiltration, of] 
filtering water. 

Please add new claims 8-17 as follows: 

8 . (New) The method according to claim 7 
further including ultraf iltering water. 

9. (New) A crossflow membrane filtering unit 
comprising: 

at least one filter element having a feed 
surface over which a feed liquid flows and a discharge 
surface from which a permeate flow is discharged; 

a seal assembly disposed between the filter 
element and one of another filter element and a housing, 
the seal assembly including: 

an inner seal in fluid communication 
with the feed liquid flow, 

an outer seal in fluid communication 
with the permeate flow, and 

a channel between the inner and outer 
seals, the channel in communication with a 
leakage discharge channel such that liquid 
discharge through the discharge channel is 
indicative of leakage through at least one of 
the inner and outer seals. 

10. (New) The crossflow membrane filtering 
unit according to claim 9 wherein the at least one filter 
element includes : 

a plurality of filter plates, each plate having 
an aperture defined by the discharge surface, an 
impermeable surface surrounding the aperture, and the feed 
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surface surrounding the impermeable surface, the plates 
being stacked with the apertures in alignment and the seal 
assembly between the impermeable surfaces of adjacent 
10 plates. 

11. (New) The crossflow membrane filtering 
unit according to claim 10 wherein the inner and outer 
seals each include an annular gasket, the inner and outer 
gaskets being spaced to define the channel . 

12. (New) The crossflow membrane filtering 
unit according to claim 9 wherein the filter element 
includes : 

an interior bore extending between end surfaces, 
the interior bore being surrounded by the inflow surface; 

the end surfaces being impermeable, the seal 
assembly being disposed between at least one end surface 
and a housing in which the filtering element is received. 

13 . (New) The crossflow membrane filtering 
unit according to claim 9 wherein the filter element 
includes : 

an interior bore defined by the inflow surface; 
a peripheral surface having an impermeable ring 
at least at one end and the permeate surface defined 
thereadj acent ; 

the seal assembly between being disposed between 
the impermeable ring and a housing in which the filter 
element is received. 

14 . (New) The crossflow membrane filtering 
unit according to claim 9 further including: 

a sensor disposed in communication with the 
channel for sensing a presence of liquid in the channel. 
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15. (New) A method of ceramic membrane 
filtering comprising: 

flowing a feed liquid over a feed surface of a 
filter element and discharging a permeate liquid from a 
5 discharge surface of the filter element, the feed liquid 
and the permeate liquid being separated from each other by 
a seal assembly disposed between the filter element and at 
least one of another filter element and a housing in which 
the filter element is received, the seal assembly having 
10 a first seal in communication with the feed liquid and a 
second seal in communication with the permeate liquid and 
a channel therebetween; 

monitoring the channel for the presence of 

liquid. 

16 . (New) The method according to claim 15 
further including: 

in response to detecting liquid in the channel, 
determining whether the liquid is the feed liquid or the 
5 permeate liquid. 

17. (New) The method according to claim 15 
wherein the feed liquid is heat sterilized water. 
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FILTERING UNIT AND METHOD OF SEALING SAME 

Abstract of the Disclosure 
Ceramic filter elements (1, 15, 26) have a feed 
surface covered with a ceramic filter membrane (4, 19) . As a 
feed liquid flows over the feed surface, a portion of the 
liquid passes through the membrane and the filter and is 
5 discharged through a discharge surface as a permeate liquid 
flow. Between the feed and discharge surfaces, the filter 
element includes an impermeable surface portion (8, 24, 30) 
which contacts a seal or gasket assembly (17, 29) . The seal 
or gasket assembly includes two seal portions (9, 10) which 

10 define a channel (12, 22, 31) in between. The channel 
connects with a discharge channel (11, 23, 32) . In this 
manner, any liquid leaking between the filter element and 
another filter element or a housing (21, 27) enters the 
discharge channel (11, 23, 32) . Liquid in the discharge 

15 channel indicates a leak in the seal and potential 
contamination of the permeate liquid. 
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FILTERING UNIT AND METHOD OF SEALING SAME 

Field of the inventionField of the inventionField of the invention 

The invention relates to filtration by means of crossflow technique and filtering elements 
having a filter membrane on a porous carrier. 

Particularly, the invention relates to a crossflow membrane filtering unit having a sealing 
system including a channel enabling the detection of a leak without the quality of the 
filtrate being impaired. 

Background of the inventionBackground of the inventionBackground of the 
invention 

The removal of solids from a liquid by filtration can take place in several, principally 
different manners. In so-called dead end filtration, a suspension is driven in its entirety 
towards a filter, and a filter cake is formed which the filtrate penetrates. In cross-flow 
filtration, the mixture to be filtered is pumped across the filter element in a circuit, whereby 
part of the mixture penetrates the filtering elements forming a permeate stream. In the ideal 
case, no cake is formed, but the material to be separated is enriched in the circulating 
phase, and a certain fraction is continuously being removed therefrom as a reject stream. 
The quality of the permeate is basically dependant on the pore size of the filtering element 
membrane. This pore size can be very narrowly defined. In microfiltration, the pore 
diameter can be 0.1 - 10 um, and in ultrafiltration down to 1 nm. Thus, separation of 
molecules on the basis of size is possible by means of filtration. One application is the 
removal of pyrogens from water, pyrogens having relatively large molecules. 
Membrane filtration elements have porous carrier structures, on the filtering surfaces of 
which membranes having well defined pore sizes have been formed. 
Membranes with small pore sizes can be formed from e.g. polymer films. These are not, 
however, particularly resistant to mechanical and thermal stress, which is a drawback in 
sterilisation and cleaning. Ceramic membranes on porous, ceramic carrier phases have also 
been developed. Most ceramic materials resist heat in addition to being mechanically 
durable. On a ceramic element, as on other materials, surfaces can also be sealed, i.e. made 
impermeable. Thus, three types of surfaces may occur on a ceramic filter element: 
membrane coated, sealed, and untreated, through which permeate flows freely. 
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For example, in US patent 5,104,546 a multilayer ceramic tubular filter element is 
disclosed, suitable for pyrogen removal by ultrafiltration. The end walls of the element as 
well as the inner walls of the channels are membrane coated. When the element is fitted 
into a shell or housing, and a mixture is pumped through the inner channels, permeate 
flows through the porous carrier to the shell side. Seals, for example rubber gaskets, must 
be provided between the shell and the element end walls. 

In addition to tubular elements, plate-shaped ceramic elements are generally known, see for 
example WO 98/28060 and references therein. A plate-shaped filter element has a 
membrane coated outer surface and an aperture in the centre or elsewhere, the walls of 
which aperture are not membrane coated. Filters can be assembled by stacking such plates, 
as shown in e.g. GB 1 268 875. Due to the shape of the plates, the mating surfaces may be 
higher than the filter surfaces, whereby free filter area is provided between the plates as 
stacks are formed; plates may be separated by spacers; or if the seals between plates are 
thick enough, the seals function as spacers. Thus, the central apertures form a permeate 
retrieval and exit channel, and the plate stack forms a flanged-tube structure across which 
the pressurised mixture to be filtered is allowed to flow. The mixture thus flows on the 
shell side and the permeate is collected from the inner channel. 

As stacks are assembled, seals must be used between the plates and/or the spacers, and 
between the elements and the housing, the number of seals being proportional to the 
number of plates used. 

Figure 1 shows a ceramic filter plate 1 according to the prior art, having a central bore 2. 
Figure 2 shows a section of part of a stack formed from plates 1. Three plates are shown in 
the figure, but the stack may comprise additional plates depending on required filter sur- 
face area; the stack is confined in a housing not shown in the figure. In the housing, a flow 
of pressurised mixture for filtration is maintained. The plates comprise a porous ceramic 
support body 3, formed from e.g. aluminium oxide and having a relatively large pore size, 
e.g. > 1 urn, and on the surface of the support body has been formed a ceramic filter mem- 
brane 4. The membrane has been formed from e.g. titanium or zirconium oxide. The cen- 
tral bores 2 of the plates form a permeate channel 6; in the embodiment shown, a perfo- 
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rated tube 5 is provided therein. The joints between the mating faces of the plates are 
sealed by means of O-rings 7. 

During the filtration process, bodies smaller than the pores of membrane 4, as e.g. water 
molecules in the case of ultrafiltration, pass through the membrane due to the pressure 
difference, and are carried through the porous support body into the permeate chamber and 
exit through the end fittings. 

In the above described filter units, the seals between the mixture and the permeate side are 
potential leak sites, and in demanding filtering processes a small leak may immediately 
render the permeate useless, as the mixture to be filtered penetrates into the permeate 
channel. 

In tube or tube bundle type ceramic filter units, the sealing problem is associated with the 
end sections of the units. If the feed mixture penetrates the joint between the housing and 
the filter element and enters the shell side, the permeate is contaminated. In plate stack- 
type filter units, potential leak sites are the joints between the plates and between the plate 
stack and the housing. 

Disclosure of the invention 

A main object of the invention is a crossflow-type membrane filtering unit according to 
claim 1, wherein the sealing system between the filtering element and its housing 
comprises a channel through which the feed mixture on penetrating the seal system can 
flow without penetrating the whole sealing system, thereby indicating a leak. 

In an embodiment using plate-shaped filtering elements, two concentric seals are 
preferably used between the filter plates. Thus, a space delimited by the seals and two 
plates is formed. At the location of said space, the plate surface is sealed, that is made 
impermeable. In addition, at the location of said space, at least one opening is provided in 
each plate, interconnecting the spaces between adjacent plates in the stack. The walls of the 
opening(s) are also sealed, and consequently an isolated, sealed space surrounding the 
permeate channel is formed. A tube or equivalent can be provided to connect this space to 
the outside. If a leak occurs in a seal between two plates, the fluid may thus flow into the 
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isolated space and out Thus, a leaking seal can be detected immediately, and no possibility 
exists for the feed mixture to enter the permeate channel. 

Preferably, the double seal system consists of two concentric, annular seals of different 
diameter. The seals may be of the O-ring type, and corresponding grooves may be provided 
in the filter plates. A huge range of O-ring seals designed for various chemical and physical 
conditions is available, and as the chemical and thermal durability of ceramic filter plates is 
usually high, a filter structure is thus provided which is functional in harsh conditions, with 
a low risk for permeate contamination by feed mixture. 

In embodiments comprising filter elements of a tube or tube bundle structure, the joint 
between the filter housing and the filter element must be reliably sealed. The seal can be 
formed between the element end wall and the housing, or between the side walls of the 
element and the housing, and appropriate surface sealing of the filter element at the site of 
the seal system must be provided. 

Surface sealing can be effected hi various manners known to the person skilled in the art. 
On ceramic filter elements the surface may be glazed, or organic coatings may be used 
according to the process requirements. Organic coatings are obviously useful in the case of 
organic filtering elements. Metal foils is another possibility. 

A further object of the invention is to provide a method of sealing a crossflow membrane 
filtering unit comprising one or more filtering elements within a housing, according to 
claim 6. 

Preferably, filtering units according to the invention are used in water filtration, more 
preferably water ultrafiltration; most preferably filtering units according to the invention 
are used in the production of heat sterilised, pyrogen-free water. 

Brief description of the drawings 

Figure 1 shows a ceramic filter plate according to the prior art; 

figure 2 shows a sideways section of a plate stack according to the prior art, assembled 
from plates according to claim 1; 
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figure 3 is a schematic overview of a crossflow filtration system; 

figure 4 shows a ceramic filter plate according to the present invention; 

figure 5 shows a sideways section of a plate stack according to the present invention, 

assembled from plates according to claim 4; 

figure 6 shows an embodiment of the present invention, wherein a tubular type filter 
element is used and the seal is located between the end wall of the element and the head of 
the housing; 

figure 7 shows an embodiment of the present invention, wherein a tubular type filter 
element is used and the seal is located between the side walls of the element and the 
housing. 

Detailed descriptionDetailed descriptionDetailed description 

The invention is described below with reference to the enclosed drawings. 
In Figure 3, an overview of crossflow filtering system is shown. Material to be filtered 
enters through the feed line 5, by means of pump 1. Pump 2 serves the filtration circuit, in 
which the mixture is pumped across filter unit 3. Filter unit 3 can be of any suitable type, 
e.g. the plate stack type or the tube or tube bundle type mentioned above. Part of the 
circulating fluid penetrates the pores of the filtering elements, forming the permeate, which 
leaves through line 6 or alternatively through reject line 7. To keep the concentration of 
retained material in the filtration circuit at a desired level, a retentate stream is withdrawn 
through line 8, while the balance remains in the filtration circuit 9. 

Figure 4 shows a filter plate according to the invention in a view corresponding to that of 
the prior art plate shown in Figure 1. In the central zone of the plate, a sealed-surface area 8 
has been formed. In this area, two concentric O-ring seals 9, 10 of different diameters have 
been fitted, and in addition an opening 1 1 with sealed surfaces has been formed. Figure 5 
shows a section analogous to fig. 2. Through openings 11, an essentially pressureless 
unitary space 12 is formed, surrounding the permeate channel and limited by the seal 
surfaces and sealed surface areas of the plates. The space 12 communicates with the 
outside. Permeate that has penetrated the membrane into the porous carrier body cannot 
penetrate the sealed surface into space 12, but can only enter the permeate channel, as the 
walls of the central bores are not sealed. If a leak occurs in seal 9, the liquid leaking 
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through flows into space 12 and out, indicating the presence of a leak. As the pressure in 
the permeate channel is also greater than in space 12, also leaks occurring in the inner seals 
10 are revealed, but the feed mixture is fully prevented from entering the permeate channel. 
Space 12 is connected to the outside e.g. via a tube through the filter housing. 

The plates shown are circular, but other shapes may be used. For example, segments 13, 14 
may be cut off as shown in Figures 1 and 5. 

Figure 6 shows a partial section through the end of another type of filter unit, along a plane 
parallel to the filtration circuit flow. This unit comprises a tubular filter element 15, a 
housing head 16 and a seal 17 between these. The end wall of the filter element is sealed by 
the impermeable layer 24. The feed mixture enters at connection 18 and flows under 
pressure through the inner channels 20 of the element 15, coated with membrane 19. The 
permeate flows through the membrane and the porous body 25 of element 15 into the shell 
space formed by housing wall 21. According to the invention, seal 17 comprises an internal 
leak detection channel system 22, formed by grooves in the upper and lower surfaces of 
seal 17, said grooves being interconnected by evenly spaced openings. The channel system 
22 communicates with the outside by channel 23, formed in housing head 16. As the feed 
mixture penetrates the inner part of the filter from the pressure side (18,20) of seal 17, it 
flows into channel 22 and out via channel 23, indicating the presence of a leak, regardless 
of whether the leak flow occurs along the upper or the lower face of the seal. The permeate 
side being normally under a higher pressure than the surroundings, permeate-side seal 
failures are likewise revealed when the leaking fluid seeps out of channel 23. 

25 In the embodiment of Figure 7, seal 29 is provided between the end wall of tubular filter 
element 26 and the housing wall 27. The end surface 28 of the filter element and the wall 
surface section 30 at the site of filter element are impermeably sealed. On the inner face of 
seal 29 are provided groove 31 and at least one exit channel 32 connected to the outside, 
providing a leak indicating channel system in the same manner as illustrated in Figure 6. 

30 Possible leaks lead to flows from the joint between the housing head and the housing wall. 
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Automatic detection of leak flow may be provided in addition to or instead of visual 
observation. For example, moisture sensors may be provided in the intermediate spaces 12, 
22, 31 or their corresponding exit channels, as shown schematically as 4 in Figure 3. 
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Claims 

1. Crossflow ceramic membrane filtering unit having within a housing one or more 
filtering elements partly coated with a filtering membrane, characterised by the joints 
between the filtering elements and between the filtering elements and the housing being 
sealed by means of a gasket or a gasket system comprising an internal intermediate space. 

2. Membrane filtering unit according to claim 1, characterised by the intermediate space 
being connected to the outside of the filtering unit. 

3. Membrane filtering unit according to claim 1 or 2, characterised by having a sensor 
indicating fluid leaking into the intermediate space. 

4. Ceramic membrane filtering unit according to any claim 1-3, comprising one or more 
plate-shaped filtering elements having apertures, said elements being joined together and to 
the housing, said apertures thereby forming a tight, unitary conduit for permeate removal 
and the outer surface of the elements being essentially free to receive material to be 
filtered, characterised by the plate-shaped elements being fitted to each other and to the 
housing by means of at least two gaskets, and the central zones of the elements being 
impermeable so as to form spaces delimited by the gaskets and the impermeable surfaces, 
and said spaces being interconnected by apertures in the elements, said apertures having 
impermeable surfaces. 

5. Ceramic membrane filtering unit according to any claim 1-3, comprising at least one 
tubular filtering element having at least one channel internally coated with a filtering 
membrane. 

6. Method for sealing a ceramic crossflow membrane filtering unit comprising one or more 
filtering elements within a housing, said elements being partly coated with a filtering 
membrane, characterised by sealing the joints between the elements and between the ele- 
ments and the housing by a gasket or a gasket system comprising an internal space con- 
nected to the outside. 
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7. The use of a filtering unit according to claim 1 or a method according to claim 8 in the 
filtration, preferably ultrafiltration, of water. 
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